Recently, we reported on a series of mono-and bi-nuclear complexes, having a P 2 PtS 2 core (A and B), and wherein the 1,2-dithiolate ligands contain cyanide, methyl sulfide, 1,4-dithiin ring, and tetrathiafulvalene (TTF) derivatives. 5 In this paper, we report on a facile synthetic route with a very high yield and the less strained molecular structure of Cl 2 Pt(µ-dppa) 2 PtCl 2 (1). Moreover, the extension of this bi-nuclear complex by substituting chloride ions with the functionalized 1,2-dithiolate ligands is achieved and the resultant complexes are characterized by high-resolution MALDI-MS, 31 P-/ 195 Pt-NMR and cyclic voltammetry.
Experimental Section
Dithiolate ligands (a-d) were prepared according to the literature procedures. 5, 6 All reactions and recrystallizations involving platinum complexes were carried out under conditions of protection from light and air. Elemental analysis was carried out at the National Center for interUniversity Research Facilities in Seoul. The FAB mass spectrum of 1 was taken with a JMS-HX110/110A tandem mass spectrometer (JEOL), and the MALDI mass spectra of 2 were taken with a Voyager-DE STR mass spectrometer (Applied Biosystems).
P and 195
Pt NMR spectra were measured at the Advanced Analysis Center at KIST. Infrared spectra were obtained by the KBr pellet method on a MIDAC FT-IR spectrometer, and the UV-vis spectra were obtained in acetonitrile on a HP 8452A diode array spectrometer. Cyclic voltammetry measurements were carried out at room temperature with a CHI620A Electrochemical Analyzer (CHI Instruments Inc.) in 10 mL CH 2 Cl 2 solution containing a 0.01 mM sample, using 0.1 M n-Bu 4 
Results and Discussion
Complex 1 was synthesized using equimolar amounts of K 2 PtCl 4 and dppa in a mixed-solvent (ethanol/water/ benzene) without exposure to air and light (Scheme 1).
5 This can be regarded as a facile synthetic route to complex 1, because the reaction is carried out at room temperature, simply by stirring the reaction mixture, and it gives a very high yield (93%) after recrystallization. Moreover, the same product can be obtained even when the reactant ratio (K 2 PtCl 4 over dppa) varies from 0.5 to 2.0. Four kinds of 1,2-dithiolate ligands (a-d) were treated with complex 1 to yield complexes 2 (60-72%), which in each case were washed with a small amount of dilute acid to eliminate any possibility of the potassium ion coordinated to the acetylenic triple bond. Since the stretching vibration of a symmetrical alkyne is infrared inactive, 8 no ν (C ≡ C) vibrations were observed in the IR spectra of either dppa or complex 1. Complex 2 has the same dithiolate ligand at each end and therefore seems to have a symmetrical structure. However, all of these complexes show a small IR band at around 2054 cm −1 , which is attributed to an ν (C ≡ C) vibration. From these observations, it is believed that the various functional groups, such as ethylene, methyl sulfide and methyl ester, attached to the dithiolate ligand, must be disordered and, therefore, complex 2 is totally unsymmetrical in the solid state.
A single crystal of complex 1 suitable for X-ray structure analysis was obtained by the diffusion process involving CH 2 Cl 2 and MeOH. The molecular structure along with the selected atomic numbering scheme is shown in Figure 1 . The P 2 PtCl 2 core has a distorted square planar geometry with angles of 96.04(7)° for P1-Pt1-P2 and 87.06(8)° for Cl1-Pt1-Cl2. The C13=C13# and C26=C26# bond distances are 1.175(13) Å and 1.182(14) Å, respectively, which are comparable to those in PtPdCl 4 (dppa) 2 (1.195(9) Å), 4 Pd 2 Cl 4 (dppa) 2 (1.199(4) Å) 3 and Pt 2 Cl 4 (dppa) 2 (1.16(2) Å and 1.22(2) Å) 3 . The angles P1-C13-C13# (173.2(3)°) and P2-C26-C26# (171.3(9)°) of complex 1 deviate from those of the linear conformation. These observations indicate that this complex has a distorted conformation especially around the Pt ion, but the distortion is not as big as was previously reported. 3 This distorted conformation probably influences the formation of complex 2: The 1,2-dithiolate ligands with the six-membered 1,4-dithiin ring (a and d) or the open structure (b and c) successfully react with complex 1 to produce the well-characterized complex 2. From our preliminary synthetic result, however, we were not able to produce complex 2 with the 1,3-dithiol-2-thione-4,5-dithiolate (dmit) ligand, which contains the more constrained five-membered 1,3-dithiol-2-thione ring. It is likely that the possible tension around the Pt ion prohibits the formation of complex 2 with the dmit ligand.
Cyclic voltammograms (CV) of complexes 1 and 2 were measured between 0 V and 1.6 V using a Pt disk electrode, and the electrochemical parameters for these complexes are summarized in Table 1 . Complex 1 exhibits one irreversible redox peak at E pa = 1.344 V and E pc = 1.028 V. The complexes 2 show almost identical CV patterns with one reversible peak (E 1/2 1 ), attributable to the redox process of the dithiolate ligands, and one oxidation peak (E pa 2 ), attributable to that of the (dppa) 2 
